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中肋骨条藻 24h、48h、72h、96h EC50分别为 8.19、13.57、8.62、8.13 mg/L；尖刺拟菱形
藻 24h、48h、72h、96h EC50分别为 2.13、1.98、1.56、1.47 mg/L；海洋原甲藻 24h、48h、
72h、96h EC50分别为 2.18、2.02、1.95、1.70 mg/L；血红哈卡藻 24h、48h、72h、96h EC50
分别为 1.38、1.67、1.93、1.93 mg/L；球等鞭金藻 24h、48h、72h、96h EC50分别为 8.78、



























































With the development of nanotechnology, C60 is widely produced and applied as the most 
typical nanomaterials. It will be released and converged in the aqueous environment through 
industrial waste gases, wastewater and residues. Eventually, C60 will make adverse effects on 
aquatic organism. On the basis of C60 solution preparation, we explored the toxicity of C60 on six 
unicellular algae and shading effect. Of six traits across two generations, namely development time, 
mortality, length of cephalothorax, sex ratio (female/male), fecundity and fecal pellet production, 
we explored the effects of C60 on the growth, development and fecundity of Tigriopus japonicas. 
To provide scientific basis for the toxicity mechanism of C60 and risk assessment of nanomaterials 
to aquatic environment. 
The main results were as follows: 
1) Preparation of C60 solution 
C60 solution was prepared by toluene solvent-exchange method and its concentration was 
found to be 11.17 mg/L, measured by spectrophotometric method. A yellow and visually clear 
solution formed and was apparently stable on storage. Nano-C60 particles were spheroidal and 
sexangular and uniformly dispersed in water, within the range of nanoparticles. Checked by gas 
chromatography, the amount of residual toluene was less than the limit value in “Standard of Surface 
Water Environment Quality”.  
2) Toxicity effects of C60 on six unicellular algae 
C60 exerted a strong inhibition on algal growth and inhibitory effects were dose-dependent. 
The 24h, 48h, 72h and 96h EC50 of C60 on Skeletonema costatum were respectively 8.19、13.57、
8.62、8.13 mg/L, while Pseudo-nitzschia pungens were 2.13、1.98、1.56、1.47 mg/L, Prorocentrum 
micans were 2.18、2.02、1.95、1.70 mg/L, Akashiwo sanguineais were 1.38、1.67、1.93、1.93 
mg/L, Isochrysis galbana were 8.78、4.74、3.48、3.27 mg/L and Chlorella sp. were 6.76、10.48、
10.26、9.50 mg/L. 
According to EC50, six unicellular algae were divided into two types, sensitive species and low 
sensitive species. The former consisted of Prorocentrum micans, Akashiwo sanguineais and 















growth rate than low sensitive species while Pseudo-nitzschia pungens was apparently more 
sensitive than Skeletonema costatum because of its special connection type. 
3) Shading effects on two unicellular alage 
C60 solution also exerted inhibition on algal growth through reducing available light (shading 
effect) and was also dose-dependent. The inhabitation rates of shading effects on two unicellular 
algae increased with increasing concertration. But as time went on, the inhabitation rate of shading 
effect on Akashiwo sanguineais increased slowly while Isochrysis galbana reduced significantly. 
The inhabitation rate of shading effect on Akashiwo sanguineais was 19.34% at 96h, 4.4 mg/L, 
while 11.36% on Isochrysis galbana at 24h, 4.4 mg/L. In general, Akashiwo sanguineais was more 
sensitive to shading effect.  
The contribution rate of shading effect on C60 toxicity to unicellular algae was similar to the 
inhabitation rate of shading effect. Shading effect contributed approximately 20.14% of growth 
inhibition to Akashiwo sanguineais at 96h, 4.4 mg/L, while 44.70% to Isochrysis galbana at 24h, 
4.4 mg/L. 
Overall, shading effect was affected by the phototaxis, size, growth rate and chlorophyll 
content of algae. 
4) Toxicity effects of C60 on T. japonicas 
In 96h acute toxicity test, the concentration was not enough to get the LC50. Nano-C60 particles 
adhered to the surface of nauplii, making adverse effects on the movement and molting. But it didn’t 
reach the lethal doze. 
In two-generation toxicity test, shorten of development time was observed, which included the 
length of the nauplius stage, copepodite stage, half of the individuals reached adult and half of the 
female developed egg sacs. Copepodite was more sensitive to C60 than nauplii and the adults, whose 
mortality was remarkedly decreased as concentration increased. Opposite to sex ratio (female/male), 
the length of cephalothorax increased as concertration increased, implying that in the development 
of T. japonicas, the female was more sensitive to C60 and body size would enlarge as the exposure 
time and concentration increased. The female was slightly bigger than the male. Fecundity and fecal 
pellet production would increased in the first two weeks and fall remarkedly in the third week. 
Overall, toxicity effects of C60 on F1 generation were more notable than F0 generation. 



















政府对纳米材料的定义不同，按照 ASTM（American Society for Testing and Materials，





































在很多富勒烯分子，它们具有不同的碳原子数目，都具有笼状结构（Kroto et al., 1991）。
C60为富勒烯分子的典型代表；也是第一种人工纳米材料，被誉为“21 世纪材料的先驱”，
其结构如图 1.1。1985 年，Kroto教授首次发现 C60（Kroto et al., 1985），受美国建筑师
的启示，大胆假设，提出 C60分子由 60个碳原子构成，呈稳定笼状结构，又名足球烯。由 32




反应、周环反应等一系列化学反应（Hauler et al., 1990）。 
 
 
图 1.1 C60的化学构架（引自 Kroto et al., 1991） 
Fig.1.1 Chemical structure of C60 (from Kroto et al., 1991) 
 
目前，C60 的制备方法有苯火焰燃烧法（Gerhardt et al., 1987）、激光蒸发石墨法















1990）、石墨电弧放电法（Parker et al., 1991）、真空热解法（Scott et al., 1996）、热
等离子体法（Yoshie et al., 1992）、微波法（Xie et al., 1999）、有机合成法（Scott 
et al., 2002）等。 
1.3.2 C60的性质 
C60为非极性分子，在不同的溶剂中，溶解度也不一样：C60在甲苯、蒸馏辛醇、丙烯腈、




图 1.2 C60在不同溶剂中的特征吸收峰（引自 Fortner et al., 2005） 
Fig.1.2 Absorbance of C60 in various solutions (from Fortner et al., 2005) 
 
由图可知，C60在甲苯中的特征吸收峰位于 335 nm左右。 
C60在水中的溶解度小于 10
-9 mg/L，几乎不溶于水（Heymann et al., 1996）。而生命活
动几乎都发生在水环境中，这大大限制了其应用。 
C60的热稳定性良好，加热至 200 ℃条件下，可形成 C-O化合物，在 400～500 ℃条件
下，构架发生解体（Taylor et al., 1993）。因此，在汽车尾气、炉灶燃烧等过程中，均可
产生 C60。（Murr et al., 2006） 
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